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Experimental ulcers were created in domestic pigs and treated with gold leaf and poly-
ethylene occlusion while plain gauze dressings served as controls. Entire wounds were ex-
cised at 3, 6, 9, and 12 days and observed histologically.
1. The polyethylene treated wounds reepithelialized completely by 9 days.
2. Both the control and gold leaf treated wounds failed to heal completely at the
twelfth day.
3. Gold leaf fragments were seen embedded within the ulcer cavity, within the granula-
tion tissue at the ulcer base and within the migrating epidermis.
These findings suggest that gold leaf provides a significant mechanical barrier to wound
repair.
In recent years there has been a revival of
interest in the use of gold leaf for the treatment
of cutaneous ulcers. Kanof (1) and Wolf et al.
(2) have reported favorable results using com-
mercially available gold leaf on ulcers of diverse
etiology. In spite of these and other reports on
the efficacy of gold dating from the 16th century
(3, 5), there has been a paucity of studies com-
pared to abundant speculation on the mode of
action of gold leaf. For instance, Wolf has sug-
gested that gold may have an electrostatic or
electrochemical influence on reepithelialization
(2).
Epstein has taken issue with this speculation
of a complicated mechanism of action (4). He
cites the work of unman and Maibach (7)
demonstrating the effectiveness of polyethylene
occlusion in wound therapy and suggests that
gold leaf is but another form of inert occlusive
membrane.
In order to more precisely define tile mode of
action of gold leaf and to test the efficacy of this
material compared to polyethylene film, the
following study was carried out.
METHODS AND MATEItIALS
Five domestic pigs, eight to twelve weeks of
age, each weighing ten to thirteen kg, were pre-
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pared by shaving the back with an Oster heavy
duty electric animal clipper. Loose hair was re-
moved with toweling. Pentobarbital was injected
intraperitoneally, at doses sufficient to produce
light anesthesia.
Twelve ulcers, in rows of four, were created on
the backs of the pigs using a 6 mm cutaneous
punch. The ulcers measured 8 mm in depth, the
distance from the tip to the hilt of the cutting
cylinder. Bleeding was allowed to stop spontane-
ously.
A row of ulcers to one side of the center row
was dressed with gold leaf in the manner de-
scribed by Kanof (1) and Wolf (2). Seventy per
cent isopropyl alcohol was swabbed over the base
and edges of the ulcers. A single sheet of 23 K
commercial gold leaf was then folded from corner
to corner three times, placed over each ulcer, and
pressed with a cotton ball to close adherence with
the wound. The gold leaf was then covered with a
2 x 2 inch coarse mesh gauze pad and the pad was
sutured at its edges to the skin. The sutured
gauze was necessary to protect the wound site. The
gold leaf was replaced every 48 hours.
The center row of four ulcers served as a control
with each ulcer covered only by a gauze pad as
described.
The remaining row of ulcers was occluded with
polyethylene film, using Saran wrap® as the
dressing. An adherent surface was prepared by
applying a thin layer of epoxy glue around each
ulcer. Over this a gauze pad was placed with a
2 square inch sheet of Saran® between the folds
of the pad. The edges of the pad were then su-
tured to the skin. This maneuver was necessary
to maintain complete occlusion for the entire ex-
periment.
On the third day, the first ulcer in each of the
three rows was excised with an 8 mm cutaneous
punch. On the sixth, ninth, and twelfth days the
remaining ulcers were removed in sequence. The
biopsy specimens were fixed in buffered 10%
formalin. After paraffin embedding, 8 micron sec-
tions perpendicular to the skin surface were
stained with Heinatoxylin and Eosin and with the
Verhoeff Elastic-Van Gieson technique. Repre-
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Fic. 1. (Day 3) a. Control wound. Arrows indicate original wound edge. X 35. b. Gold
leaf treated wound. Arrow indicates original wound edge (estimated by measuring 1 mm
inward from edge of biopsy specimen). Note black gold leaf fragments in ulcer (g). X 35.
c. Polyethylene treated wound. Arrow indicates original wound edge. >< 35.
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FIG. 2. (Day 6) a. Control wound filled with dense coagulum. Arrow denotes original
wound edge. x 35. b. Polyethylene treated wound showing migrating epidermis parallel to
original surface. Arrow denotes original wound edge. >( 35.
sentative sections from the center to the periph-
ery of the ulcers were studied.
RESULTS
Day Three. Representative histologic sections
showed early epithelial migration at the wound
edges of all three specimens, but significant
differences were not apparent (Fig. 1). Dense,
black laminated fragments of gold were seen
within the gold leaf treated ulcers (Fig. 1-b).
Day Six. Differences were now apparent in the
character of the healing wounds. In comparison
to both the control and gold leaf treated wounds,
the polyethylene occluded wounds showed ex-
tensive epithelial migration (Figs. 2 and 3). The
control wound was seen to contain a dense co-
agulum adherent to the ulcer base and filling the
wound cavity. Densely packed laminated gold
fragments were seen within gold leaf treated
ulcers. In some zones, epidermal islands were
layered between the laminated fragments (Fig.
3).
Day Nine. Polyethylene occluded wounds all
were completely reepithelialized, while the con-
trol group continued to show only small amounts
of epidermal migration (Fig. 4). There were now
greater individual differences in the amount of
epidermal migration in the gold leaf treated
wounds, although none showed complete re-
epithelialization. Instead, the epidermis was
again seen to advance up to, and to abut, gold
fragments. The gold leaf fragments also were
deeply embedded in the granulation tissue at the
ulcer base (Fig. 5).
Day Twelve. The control wounds were re-
epitbelializing in a plane parallel to the ulcer
base beneath the dense coagulum. In comparison,
the epithelialized polyethylene occluded wounds
had healed at a superficial level parallel to the
original wound surface (Fig. 6). Gold leaf treated
wounds continued to show individual differences
in the rate of reepithelialization but had not yet
completely reepithelialized. Varying amounts of
embedded gold fragments again were seen at the
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FIG. 3. (Day 6) a. Gold leaf treated wound with black gold fragments filling wound
cavity. Arrow indicates original wound edge. Inset denotes edge of advancing epidermis.
>< 35. b. Close-up of inset sbowing islands of epidermal cells between laminated gold leaf
fragments. )< 100.
edges of the migrating epidermis, as well ns deep reepithelialize faster when left intact than when
to the epithelium in the granulation tissue (Fig. unroofed. Similarly, Winter (8, 12, 13, 20) has
7). shown in pigs, and unman et a!. (7) in humans,
that when deep wounds, corresponding to those
DISCUSSION in our study, are occluded with polyethylene,
Gimbel et a!. (9) and Forage (10) have dem- they reepithelialize twice as fast as wounds ex-
onstrated that experimentally produced blisters posed to air.
—'—p - —-
FIG. 4. (Day 9) a. Control wound with dark eoagulum in the ulcer. Arrow indicates
original wound edge. X 35. b. Polyethylene treated wonnd reepithelielized. Arrow indicates
original wound edge. >< 35.
Fcc. 5. (Day 9) a. Gold leaf treated wound. Letter e indicates original wound edge.
Inset denotes advancing edge of the epidermis. X 35. b. Close-up of inset showing black
gold fragments between epidermal islands and at edge of advancing cells. X 100.
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FIG. 6. (Day 12) a. Control wound with dense coagulum in ulcer. Arrow indicates
original wound edge. X 35. b. Polyethylene treated wound reepithelialized. Arrow indicates
original wound edge. X 35.
These observations can be explained by com-
paring the healing process in dry and moist
wounds. When denuded surfaces arc left exposed
or underlie a non-occlusive dressing, the tissue
fluid coagulum within the wound dries and forms
a crust. Both Forage (10) and Winter (12, 13)
showed that the denuded dermis at the edges
and base of the wound subsequently becomes
dehydrated and is incorporated in the crust. The
regenerating epidermis, in order to support me-
tabolism, must follow dermal contours, seeking
the scrous exudate beneath the drying crust.
Therefore, this crust of dried fibrin, inflamma-
tory cells, serum and dermal remnants at the
wound edges and base becomes a mechanical
barrier to the migrating epidermis and impedes
repair.
In contrast, an occlusive membrane, such as
polyethylene, maintains hydration. The wound
exudate thus remains serous. Into this serous
wound, granulation tissue quickly forms a solid
base across which the epidermis migrates unim-
peded (Figs. 1-c, 2 and 4-b).
It has been proposed (4) that the mechanism
of action of gold leaf is that of an inert occlusive
membrane, such as polyethylene. That gold leaf
is not such a dressing has been demonstrated by
our study, supporting earlier findings of Gal-
lagher (3) and Robinson (16). One sheet of
commercial gold leaf, 98% gold, 2% copper or
b
silver, one to two microns in thickness, is made
up of many fragmented layers, the number of
which varies from sheet to sheet. Figures 3, 5
and 7 demonstrate the sequelae when several
layers of this material are placed over an ulcer.
Fragments of gold are seen embedded within the
eoagulum, the granulation tissue and the migrat-
ing epidermis. These observations suggest that
the embedded gold fragments provide a signifi-
cant mechanical barrier to the migrating epi-
dermis whether or not an obstructive crust is
present.
What is needed for ideal healing of the human
skin is a dressing which provides an unimpeded,
moist surface for epidermal migration, while al-
lowing for sufficient drainage or absorption of
tissue fluid to keep bacteria at harmless levels
(17). Accordingly, neither polyethylene film,
which allows no drainage, nor gold leaf, the
fragments of which mechanically impede epi-
dermal migration, appear to fulfill these basic
requirements. Based upon the above principles,
however, it should be possible to develop a fully
satisfactory dressing for the healing wound.
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Fm. 7. (Day 12) a. Gold leaf treated wound. Arrow illustrates original wound margin.
Inset denotes edge of advancing epidermis. )< 35. b. Close-up of inset showing gold frag-
ments inbetween and abutting advancing epidermal edges. X 100.
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